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1
INTERNAL COMBUSTION ENGINE ARRANGEMENT COMPRISING
A PARTICULATE FILTER AND A THERMOELECTRIC DEVICE

Field of the invention

The present invention relates to an internal combustion engine
arrangement comprising a particulate filter in the exhaust line, especially such
an engine arrangement for an industrial vehicle.

Technological background

A conventional internal combustion engine arrangement comprises
an exhaust line capable of collecting exhaust gases from the engine, for
example through an exhaust manifold. Especially in the case of diesel engines,
the exhaust gases may contain particles resulting from an incomplete
combustion process in the engine. A particulate filter can therefore be provided
in the exhaust line in order to retain these particles.

In order to regenerate the filter, a conventional solution is to use an
additional heat or energy source to oxidize these particles. This oxidizing of the
particles generates additional heat in the filter. As a result, known engines
dissipate uselessly the energy content of the particles. Moreover, the energy
consumed by the additional heat or energy source is not recovered, which
makes the global energy balance even worse.

It therefore appears that, from several standpoints, there is room
for improvement in engine arrangements regarding energy recovery.

Summary

It is an object of the present invention to provide an improved
internal combustion engine arrangement, which can overcome the drawbacks
encountered in conventional engine arrangements.

Another object of the present invention is to provide an internal
combustion engine arrangement which can effectively increase the energy
recovered in the exhaust line.

According to the invention, such an internal combustion engine
arrangement comprises:
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- an exhaust line capable of collecting exhaust gas from the
internal combustion engine, said exhaust line including a particulate filter;

- active regenerating means capable of generating heat during a
regeneration period so as to promote oxidation of the particles retained in said
filter;

Additionally, according to the invention, said internal combustion
engine arrangement further comprises a thermoelectric device capable of
producing electricity by Seebeck effect by the conversion of a heat flux
between the hot exhaust gases flowing in the exhaust line and a cold source,
said thermoelectric device being located downstream from said filter.

Thus, in an arrangement according to the invention, the energy
used to regenerate the filter and the energy contained in the particles both
produce heat which is used by the thermoelectric device to generate electricity.
In this way, at least part of this energy, which would otherwise be lost, is
recovered and can be used for the operation of various elements of the vehicle,
and/or can be stored in an energy storage component such as a battery.

According to a preferred implementation of the invention, the
exhaust line includes a further after-treatment device, such as a selective
catalytic reduction device (SCR), located downstream from said thermoelectric
device. By providing a thermoelectric device upstream from a device such as a
SCR, the invention ensures that said device is not damaged by too high
temperatures resulting from the regeneration process. Indeed, the generation
of electricity by means of the thermoelectric device leads to a decrease of the
exhaust gases temperature. As a consequence, the thermoelectric device can
protect the SCR during the regeneration period.

In concrete terms, the exhaust gases temperature downstream the
particulate filter can be around 350 - 450°C when the filter is not being
regenerated, depending on the engine operating conditions. On the other side,
this temperature can increase up to 700°C during a regeneration period. The
conversion in to electricity of the heat flux, due to the temperature difference
between the hot exhaust gases flowing in the exhaust line and a cold source,
by means of the thermoelectric device, can make this temperature decrease
down to around 350 - 450°C, thereby preventing any damage to the SCR, or
other after-treatment device.

In an implementation of the invention, the thermoelectric device
can comprise thermoelectric elements made of a material or set of materials
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having a maximum conversion efficiency between 500°C and 700°C, preferably
between 500°C and 600°C. The “conversion efficiency” indicates the ability of a
material or set of materials to generate electricity from a given heat flux through
that material or set of materials. For a given material, this “conversion
efficiency” depends on the temperature and has a maximum value in a certain
temperature range. A good image of the conversion efficiency is given by the
parameter Z X Taverage, Where Z is the figure of merit of that material and Taverage
the average temperature of the material. The figure of merit Z is itself known
from the following formula:

Z = (EcxSc?) / The

where

Ec is the electric conductivity of the material

Sc is the Seebeck coefficient of the material

The is the thermal conductivity of the material, these
parameters varying with the material temperature.

With this arrangement, the thermoelectric device is optimized for a
range of temperatures that corresponds to the exhaust gases temperatures
during a regeneration period.

The thermoelectric device may comprise thermoelectric elements
made of at least one material pertaining to the following group: (p-ZnsSbs, n-
Mg.Si), (p- and n-CoShj).

According to an embodiment of the invention, the internal
combustion engine arrangement can comprise control means for controlling the
heat flux through the thermoelectric elements, for example by controlling the
flow and/or the temperature of the cold source, and/or control means for
controlling the electrical current generated by the thermoelectric device. In both
cases, this will influence the amount of heat which will be extracted from the
exhaust gases through the thermoelectric device, and therefore, will influence
the temperature drop for the exhaust gases across the thermoelectric device.
Therefore, such control means can be used to control the temperature of the
exhaust gases downstream from the thermoelectric device within a
predetermined range. For example, when a SCR device (or another after-
treatment device) is present, the temperature downstream from the
thermoelectric device is preferably controlled so that it remains around the
temperature leading to the best efficiency of said SCR and so that it does not
exceed the upper limit temperature said SCR can undergo.
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The internal combustion engine can further comprise deactivation
means for deactivating the thermoelectric device outside a regeneration period.
This arrangement can be used in case a SCR (or another after-treatment
device) is present, and when the temperature downstream from the particulate
filter is around the best temperature for said SCR. Indeed, in this case,
decreasing the exhaust gases temperature would be detrimental to the SCR
efficiency.

The cold source can be the engine cooling fluid, an auxiliary
cooling fluid, and/or ambient air.

In an implementation of the invention, said active regenerating
means comprise a dedicated fuel burner, a dedicated fuel injector, and/or a
dedicated electric heater.

The thermoelectric device can be connected to a battery and / or to
one or more vehicular component that are electrically operated.

Brief description of the drawings

The following detailed description of an embodiment of the
invention is better understood when read in conjunction with the appended
drawings, being understood, however, that the invention is not limited to the
specific embodiment disclosed. In the drawing:

Figure 1 is a schematic drawing of an exhaust line of an internal
combustion engine arrangement according to an embodiment of the invention:

Figure 2 is a chart showing the evolution of the temperature of the
exhaust gases in the flowing direction, during a regeneration period, with an
engine arrangement according to the prior art (dotted line) and with an engine
arrangement according to the invention (full line).

Detailed description

An internal combustion engine typically comprises an engine block
defining a plurality of cylinders. Intake air is carried towards the cylinders
through an air intake line. The gases formed in each cylinder are carried
towards the atmosphere by an exhaust line 1.

As shown in Figure 1, the exhaust line 1 comprises a particulate
filter 2 and, in this example, downstream from said filter 2, an after-treatment
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device which is a selective catalytic reduction device 3 (SCR) in the illustrated
embodiment. An oxidation catalyst may be positioned in the exhaust line
upstream of the particulate filter. An active regenerating means 4 is located in
the exhaust line, upstream from the filter 2. This active regenerating means 4
can comprise a burner coupled to fuel injecting means 5. It can also be simply
a fuel injector which injects fuel on the oxidation catalyst. It can also be an
electric heater. Periodically, when needed (for example when the pressure
difference upstream and downstream from said fiter 2 exceeds a
predetermined value), the active regenerating means 4 are activated. During
such a regeneration period, the particles retained in the filter 2 are oxidized,
and therefore the filter 2 is cleaned. This process is considered as active
regeneration inasmuch as it uses the additional heat provided to the exhaust
gases by the dedicated active regeneration means.

According to the invention, the exhaust line 1 is further provided
with a thermoelectric device 6 capable of producing electricity by Seebeck
effect. The thermoelectric device 6 is located in thermal contact with the
exhaust line 1, downstream from the filter 2 and upstream from the SCR 3.

The thermoelectric device 6 comprises thermoelectric elements 7
arranged between a first wall 8 and a second wall 9. The first wall 8 is arranged
directly or indirectly in thermal contact with the exhaust line 1, so as to achieve
a good thermal exchange with the hot exhaust gases. The other side of the
thermoelectric device, the second wall in this example, is arranged directly or
indirectly in thermal contact with a cold source. In this embodiment, the cold
source is a closed loop fluid cooling circuit. More precisely, the cold source is in
this embodiment an engine coolant circuit or a derivation thereof 10 which
carries the engine cooling fluid. In the illustrated embodiment, the coolant
circuit 10 is equipped with a valve 11 the aperture of which is controlled by
controlling means 12, depending for example on the on exhaust gases
temperature, on engine operation parameters, and/or an the coolant
temperature

Furthermore, the thermoelectric device 6 is connected to an electric
circuit which may comprise a battery 13 as well as electric control means for
controlling the electrical power in the circuit. In other embodiments (not shown),
the thermoelectric device 6 can be connected to one or more vehicular
components that are electrically operated.
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The thermoelectric elements 6 comprise materials which can
convert into electricity a heat flux between the hot exhaust gases flowing in the
exhaust line 1 and the coolant flowing in the coolant circuit 10. In another
embodiment — not shown — the cold source for the thermoelectric device 6
could be ambient air, or an auxiliary cooling circuit such as an engine charge
air cooling circuit or a vehicle cabin air-conditioning circuit.

Said materials preferably have a maximum conversion efficiency
between 500°C and 600°C, such as (p-ZnsSbs, n-Mg,Si) or (p- and n-CoSbs).

The operation of the invention is now described.

When the active regeneration means 4 are not activated, i.e. when
no active regeneration is being carried out, the thermoelectric device 6 can
produce electricity from the heat flux through the thermoelectric elements
between the exhaust gases temperature and the coolant, provided the exhaust
gases temperature downstream said thermoelectric device 6 is not lowered too
much, which would be harmful to the SCR efficiency

If needed, in order to prevent an excessive decrease of said
temperature, the valve 11 can be partially closed to reduce the coolant flow, or
even completely closed to reduce the heat flux through the thermoelectric
device 6. Alternatively, or additionally, it is envisaged to control the coolant
temperature for the same purpose. Alternatively, or additionally, it is envisaged
to stop or reduce the electric current generation by the thermoelectric device,
simply by opening the electric circuit to which it is connected and/or by reducing
the current in that circuit through appropriate control means odd aid electrical
circuit. In all cases, this will reduce the amount of heat which is drawn from the
exhaust gases.

When the filter 2 becomes clogged, the active regeneration means
are activated during a regeneration period, in order to promote the oxidation of
the particles retained in said filter 2. As a consequence, the exhaust gases
temperature just downstream from the filter 2 is temporarily greatly increased
(typically from around 400°C to around 600°C) thanks to the heat provided by
the active regeneration means. In order to recover at least part of the energy
spend to regenerate the filter 2, the thermoelectric device 6 is used, possibly up
to its full capacity, to produce electricity which can then be used for the
operation of various elements of the vehicle, and/or can be stored in an energy
storage component such as a battery. Thus, the invention makes it possible to
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7
improve the engine arrangement efficiency, which has a direct impact on fuel
consumption.

Moreover, the operation of the thermoelectric device 6 leads to a
significant decrease in the exhaust gases temperature. This prevents the
SCR 3 from being damaged by high temperatures resulting from the
regeneration of the filter 2.

Figure 2 shows an example of the evolution of the temperature of
the exhaust gases in the flow direction x (see Figure 1) during a regeneration
period.

In this example, the exhaust gases temperature upstream from the
active regeneration means 4 is around 400°C (this value depends on the
engine operating conditions), and suddenly increases up to around 600°C at
the active regeneration means location x4.

With an engine arrangement according to the prior art (dotted line),
the exhaust gases temperature remains at around 600°C until the SCR inlet
(location x3in) and then slightly decreases until the SCR outlet (location x3out).
Therefore, there is a risk of damaging the SCR 3 due to too high temperatures.

In contrast, with an engine according to the invention (full line), the
exhaust gases temperature remains at around 600°C until the thermoelectric
device inlet (location x6in), but then quickly decreases down to around 350°C
at the thermoelectric device outlet (location x6out). As a result, in addition to
enabling an energy recovery, the invention provides means for protecting the
SCR 3.

Of course, the invention is not restricted to the embodiment
described above by way of non-limiting example, but on the contrary it
encompasses all embodiments thereof.
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CLAIMS

1. An internal combustion engine arrangement comprising:

- an exhaust line (1) capable of collecting exhaust gas from the
internal combustion engine, said exhaust line including a particulate filter (2);

- active regenerating means (4, 5) located in the exhaust line
and capable of generating heat during a regeneration period so as to promote
oxidation of the particles retained in said filter (2);

characterized in that said internal combustion engine arrangement
further comprises a thermoelectric device (6) capable of producing electricity by
Seebeck effect by the conversion of a heat flux between the hot exhaust gases
flowing in the exhaust line (1) and a cold source, said thermoelectric device (B)
being located downstream from said filter (2).

2. The arrangement according to claim 1, characterized in that the
exhaust line (1) includes a further after-treatment device (3), such as a
selective catalytic reduction device (SCR), located downstream from said
thermoelectric device (6).

3. The arrangement according to claim 1 or claim 2, characterized
in that the thermoelectric device (6) comprises thermoelectric elements (7)
made of a material or set of materials having a maximum conversion efficiency
between 500°C and 700°C, preferably between 500°C and 600°C.

4. The arrangement according to any one of claims 1 to 3,
characterized in that the thermoelectric device (6) comprises thermoelectric
elements (7) made of at least one material pertaining to the following group: (p-
Zn4Shs, n-Mg,Si), (p- and n-CoSbs).

5. The arrangement according to any one of claims 1 to 4,
characterized in that it comprises control means (11, 12) for controlling the flow
and/or the temperature of the cold source.

6. The arrangement according to any one of claims 1 to 4,
characterized in that it comprises deactivation means (11, 12) for deactivating
the thermoelectric device (6) outside of a regeneration period.
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7. The arrangement according to any one of claims 1 to 6,
characterized in that the cold source is the engine cooling fluid.

8. The arrangement according to any one of claims 1 to 7,
characterized in that the cold source is ambient air.

9. The arrangement according to any one of claims 1 to 8,
characterized in that said active regenerating means comprise a dedicated fuel
burner (4), a dedicated fuel injector, and/or a dedicated electric heater.

10. The arrangement according to any one of claims 1 to 7,
characterized in that the thermoelectric device (6) is connected to a battery (13)
and / or to one or more vehicular component that are electrically operated.
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